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Introduction
As one of the most common cancers, hepatocellular carcinoma (HCC) is the third most prevalent cause of cancer-related death. 1 HCC is a complex disease. Its development is associated with various etiologies including hepatitis B virus (HBV), hepatitis C virus (HCV), high alcohol intake, aflatoxin B1, and metabolic syndrome. 2 Furthermore, mixed etiologies presented in some patients may act in a synergistic or an additive mechanism in the development of HCC. The course of HCC development is a multistage process submit your manuscript | www.dovepress.com
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Zhu et al with different severities of underlying liver disease varying from normal liver to cirrhosis. 3 Most HCCs are related to chronic hepatitis and more than 80% of them develop with underlying cirrhosis. 4, 5 Early diagnosis is important for allowing potentially curative treatments such as resection, liver transplantation, and radiofrequency ablation. 6 Unfortunately, a high proportion of patients are diagnosed with HCC at a more advanced stage, resulting in poor prognosis. 4, 7 The treatment options for advanced stage HCC include resection, radiation, chemotherapy, and supportive therapy as well as sequential or combination treatment of these therapeutics. The multifactorial etiology, multistage process, complexity that underlies the course of HCC development, and the existence of multiple treatment options which depends upon the disease stage have led to a complex involvement of clinical divisions of multidiscipline nature in the management of HCC patients. In fact, many clinical divisions including infectious disease, gastroenterology, hepatobiliary surgery, general surgery, internal oncology, radiation oncology, and surgical oncology are often involved in the management of HCC. Diagnosis may be established and the patients may be admitted in any of these clinical divisions. There are multiple treatment choices, which must be tailored to each patient's need, according to tumor stage, liver function, etiology, liver status, and performance status. 6, 8 However, many other factors, in addition to clinical factors, may influence the decision of treatment choice. Studies show that some nonclinical factors can influence the treatment choice of HCC, especially the surgeon specialty -although the relationship between nonclinical decisions and survival remains unclear. 9, 10 For example, a study from the United States shows that referral patterns vary considerably and may be related to treatment choices for patients with HCC. 10 In view of the complexity of HCC, cooperation of a multidisciplinary team (MDT) is needed to guarantee appropriate treatment for HCC and underlying liver disease. 11 An MDT, as defined by United Kingdom Department of Health, is based on coordination and communication among specialists of different healthcare disciplines and aims to make an informed decision for cancer patients. However, the utilization of MDTs for HCC treatment is not universal and is especially scarce in Asia. 12 Furthermore, many practical barriers have reduced the effectiveness of MDTs. 13 Some researchers have suggested that it is important to examine the relationship between multidisciplinary care and patient survival, and other evidence to make the MDT work efficiently. 14, 15 In the light of the situation that HCC patients may be referred to, and be admitted to, different clinical divisions, and the possibility that the nature of clinical divisions could influence the choice of treatment and the ultimate survival of patients, this retrospective study was carried out. Thus, we have examined the outcome of HCC patients admitted into either surgical or internal clinical divisions, using data from a 10-year period from a large university hospital in northwest China, where the work of the MDT is in its initial and preliminary stage.
Methods
setting and data
This study is based on data from a previously described cohort. 16 Briefly, medical records of patients with primary diagnosis of HCC and being admitted to various divisions between 2002 and 2011 in the First Affiliated Hospital of Xi'an Jiaotong University were retrospectively reviewed. All the patients with HCC were included in the primary review. Patients who were not first diagnosed and admitted for HCC in this hospital were excluded. Only the patients who were both firstly diagnosed and admitted for HCC treatment in this hospital were included in the analysis.
The stages of HCC were classified according to the Barcelona Clinic Liver Cancer (BCLC) staging system as recommended by the American Association for the Study of Liver Diseases guideline. 6, 17 This system classifies patients with HCC into five categories: very early (0), early (A), intermediate (B), advanced (C), and terminal (D) stages.
Treatments
The treatments were classified into liver transplantation; resection; percutaneous local ablation including percutaneous local ablation with ethanol injection or radiofrequency; transcatheter arterial chemoembolization (TACE); combination treatment with at least two of the treatments: resection, percutaneous local ablation, and TACE; supportive and symptomatic treatment; and other treatments including systemic chemotherapy, sorafenib, traditional Chinese medicine, or conformal radiation therapy according to the actual existing treatments in the present retrospective study. For the further analysis, liver resection, liver transplantation, percutaneous local ablation, and the combination treatment were included as potentially curative treatments. TACE and sorafenib were considered as palliative treatment. Supportive and symptomatic treatment and other treatments including traditional Chinese medicine were regarded as supportive care.
etiology of hCC
The etiology of liver disease was classified as HBV, HCV, HBV and HCV coinfection and others including non-HBV or HCV virus infection, alcohol, metabolic syndrome, and unavailable reason from the medical records. 
Classification of clinical divisions
The clinical divisions involved in the admission for HCC patients in the hospital included infectious diseases, gastroenterology, internal oncology, radiation oncology, surgical oncology, hepatobiliary surgery, general surgery, and vascular surgery. The initial admission divisions according to the disciplines and specialty were divided into two major discipline natures: 1) divisions of an internal medicine nature, including infectious diseases, gastroenterology, radiation oncology, internal oncology, and traditional Chinese medicine; and 2) divisions of surgical nature, including hepatobiliary surgery, general surgery, surgical oncology, and vascular surgery. After initial hospitalization, the patients usually received a treatment choice according to the disease stage, etiology, liver status, and performance status 6,8 after consultation from physicians of different specialties from different divisions of disciplines and may be transferred to surgical divisions for those who were initially admitted to divisions of internal medicine if resection, transplantation, or other surgical procedure were recommended. On the contrary, patients who were initially admitted to surgical divisions may or may not have been transferred to the divisions of internal medicine even if a surgical procedure was not recommended after consultation with physicians from divisions of different specialties and disciplines. In any case, the agreement of patients and their family members was obtained.
survival and statistical analysis
Survival was the measure used in assessing the difference between divisions of internal medicine and surgical natures. Survival time was defined as the interval between diagnosis as HCC and death associated with HCC at the end of 2013. Lost to follow-up included those who died from other diseases, and cases surviving at the end of 2013 were defined as censored data. Survival curves were analyzed by the Kaplan-Meier method, and the log-rank test was used to compare the difference between groups. Cox analysis with enter method was also used. Life-table method was used to calculate the 1-, 3-, and 5-year survival rates. Quantitative data were expressed as mean ± standard deviation (SD); qualitative data and ordinal data were expressed as absolute frequencies. Student's t-test was used to compare quantitative data between two groups, and Chi-squared test was used for the qualitative data and ordinal data. Statistical analyses were performed using SPSS 21.0 statistical software (SPSS, Inc., Chicago, IL, USA). A two-tailed P-value ,0.05 was considered statistically significant.
ethical standard
This study was approved by the Ethics Committee of the First Affiliated Hospital of Xi'an Jiaotong University and was carried out in compliance with the Helsinki Declaration. The requirement for informed consent was waived because of the retrospective nature of the study and using data from which the patients' identification information had been removed.
Results
Characteristics of patients
In total, 2,745 patients diagnosed with HCC were reviewed. Five hundred and seventy patients who were not firstly diagnosed and treated as HCC in this hospital, 76 patients with other cancers, and 54 patients with serious comorbidities not related to HCC were excluded from the study. Two thousand and forty-five patients with an average of 43.6 months follow-up were eligible for inclusion and analysis. Of these 2,045 patients, 779 patients were initially admitted to internal medicine divisions and 1,266 to surgical divisions.
The gender ratio and mean age showed no significant difference between patients initially admitted to internal medicine and surgical divisions. The etiology distribution of the two groups of patients was different, with more non-HBV or HCV virus infection and cryptogenic etiology patients being admitted to surgical divisions (P=0.015, Table 1 ). Hepatic transaminase (alanine transaminase [ALT] and aspartate transaminase [AST]) levels of patients initially hospitalized to internal medicine divisions were higher than those to surgical divisions. Patients initially hospitalized in internal medicine divisions had more Child-Pugh class B and C patients than those hospitalized to surgical divisions (P,0.001, Table 1 ).
hCC features
Like the Child-Pugh class, patients initially hospitalized to internal medicine divisions had less BCLC stages 0 and A, and more stage D than those hospitalized to surgical divisions (P=0.005, ,0.001, and ,0.001, respectively, Table 2 ). There were no differences between the two divisions in observed metastasis (P=0.352, Table 2 ).
Treatment options
Supportive care and TACE were the most common treatment options in the whole cohort of patients (31.9% and 31.0%, respectively, Table 3 Zhu et al Further subgroup analysis of the treatment options according to BCLC stages was performed. Because of the censored data in patients with stage 0, the patients with stages 0 and A were combined in the analysis. Patients with stages C and D were also combined. The treatment options according to disease stages between patients initially admitted to divisions of internal medicine and to surgical divisions were significantly different (all P,0.001, Table 4 ). A significantly higher proportion of patients initially admitted to surgical divisions received curative treatments compared with those admitted to internal medicine divisions for all BCLC stages analyzed (75.4% vs 26.5%, 42.3% vs 7.2%, and 26.0% vs 5.8% for stages 0 and A, stage B, and stages C and D, respectively, Table 4 ). In contrast, a significantly higher proportion of patients initially hospitalized to internal medicine divisions chose supportive care compared with those admitted to surgical divisions (45.8% vs 11.9%, 46.4% into surgical divisions (Table 3 ). In contrast, more patients initially admitted to surgical divisions were treated by resection (15.5% vs 1.5%, P,0.001) and percutaneous local ablation (9.9% vs 2.3%, P,0.001) than those admitted to internal medicine divisions (Table 3) . Table 4 ).
survival rates
The overall survival rates of the 2,045 patients after 1, 3, and 5 years were 44%, 25%, and 22%, respectively. The overall survival rates in patients initially hospitalized to surgical divisions were higher than those initially hospitalized into internal medicine divisions (49% vs 35%, 27% vs 21%, and 24% vs 18% at 1, 3, and 5 years, respectively, P,0.001, Figure 1A) . No significant differences were observed in the pooled survival rates between the surgical and internal medicine divisions after adjusting for treatments (P=0.364).
Stratified analyses were further conducted according to BCLC stages between the surgical and internal medicine divisions. The survival rates of patients with BCLC stages 0, A, and B initially admitted to surgical divisions were higher than those admitted to internal medicine divisions, with stages 0 (P=0.036, Figure 1B ) and B (P,0.001, Figure 1D ) being significantly different, and stage A marginally different (P=0.057, Figure 1C) . Survival rates of patients with BCLC stages C and D showed no significant differences between surgical and internal medicine divisions (P=0.268 and 0.712, respectively, Figure 1E and F). After adjusting the differences of treatment distribution which might lead to bias, the survival rates showed no significant difference between the patients according to BCLC stages, when initially hospitalized to either surgical or internal medicine divisions (P=0.933, 0.127, and 0.917 for stages 0 and A, stage B, and stages C and D, respectively).
After adjusting the study characteristics in the patients between internal medicine divisions and surgical divisions ( 
Discussion
This large retrospective study investigated the possible differences in clinical characteristics and survival rates between HCC patients initially admitted to internal medicine and surgical clinical divisions. The findings showed that the clinical characteristics of disease, the treatment options, and the overall survival of patients differed significantly following admission to the two divisions.
Compared with patients initially hospitalized in surgical divisions, patients initially hospitalized to internal medicine divisions had less cryptogenic etiology, higher levels of ALT and AST, and more severe Child-Pugh class and BCLC stages. Although the exact reasons for this phenomenon may be multifactorial, it is understandable that patients with more severe underlying liver diseases are more prone to be referred to physicians associated with internal medicine specialties and to be admitted to divisions of internal medicine because most of their disease conditions may mainly require nonsurgical management.
Higher proportions of patients with different BCLC stages who were initially admitted to internal medicine divisions chose supportive care. In contrast, higher proportions of patients with different BCLC stages who were initially admitted to surgical divisions chose curative therapies. It is understandable that these differences of treatment options would be related to the disease stages of the patients hospitalized and so contribute to the survival differences. However, the treatments of patients with the same HCC stages were significantly variable, and the survival rates were dissimilar, except stages C and D, when they were initially admitted to internal medicine compared with surgical divisions. Importantly, both the pooled survival rates and the survival rates according to HCC stages vanished after adjusting for treatments when patients initially admitted to internal medicine divisions were compared with admissions to surgical divisions. This indicated that the differences of survival rates are caused by the deviations of treatment options.
The patients with BCLC stages 0 and A were more likely to be initially hospitalized in surgical divisions. It is also understandable that most of the patients with these stages of HCC received surgical management. This is comparable with another study, demonstrating that more patients at early stages saw a surgeon. 10 However, there were also some inappropriate managements of HCC in both the internal medicine and surgical divisions. A proportion of patients at BCLC stages 0 and A did not receive potentially curative therapy, especially those who were initially hospitalized to the divisions of internal medicine nature. Inappropriate application of supportive care, instead of curative treatment, may have led to the poorer survival of the patients initially hospitalized to the internal medicine divisions. An Italian study with patients diagnosed with HCC between 2002 and 2008, which appeared to provide no substage information for treatment, showed that 10.9% of the patients received resection and 29.8% received percutaneous ablation. 5 In another study from Taiwan, more than 30% of the patients with BCLC stages 0 and A received potential curative therapy. 7 In line 
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Zhu et al with these studies, 5,7 more than 40% of patients at stages 0 and A initially hospitalized to the surgical divisions in our study received resection or percutaneous ablation. However, for the HCC patients with BCLC stages 0 and A initially hospitalized to internal medicine divisions, only 3.7% and 11.0% of them received resection and percutaneous ablation. The underutilization of therapy for early-stage HCC also existed in another region. 18 There may be some interpretations which might partially account for the apparent unfavorable application of HCC therapy. The study in the USA found that patients were more likely to receive surgery after consulting a surgeon, 10 and institution-related factors may also impact the therapy choice for early HCC. 9 It is, therefore, suggested that the physicians associated with internal medicine specialties may tend to recommend and apply non-surgical therapy for the patients even at early stages of HCC, resulting in underutilization of curative therapies and the subsequent decreased survival.
For patients with BCLC stage B, a higher proportion of patients initially admitted to the surgical divisions received potentially curative therapies (42.3%), and the proportion of those initially admitted to the internal medicine divisions receiving these therapies was much lower (7.2%) -although the patients with BCLC stage B initially admitted to internal medicine and surgical divisions were similar in percentage (62.9% vs 64.0%, P=0.628). The survival of patients initially admitted to surgical divisions was significantly higher than that of patients admitted to internal medicine divisions. These results suggest that the increased utilization of curative therapies for BCLC stage B HCC patients results in increased overall survival. It should be mentioned that the initial admission to internal medicine divisions was a risk factor for survival of patients with BCLC stage B in Cox analysis. This might be attributed to the complexity of patients with BCLC stage B in that patients with BCLC stage B were involved in more treatment choices than those with other stages. The inner relation of the characteristics, such as the ALT and AST and Child-Pugh class, might also lead to the bias of Cox analysis. Therefore, the potential effects of clinical divisions where the patients are admitted and managed on HCC patient survival might need to be explored in multicenter studies.
For patients with HCC stages C and D, a higher proportion of patients initially admitted to surgical divisions also utilized potentially curative therapies (26.0%) than those initially admitted to internal medicine divisions (5.8%). However, the survival of patients in the two groups was not significantly different. These data suggest that the increased application of potentially curative therapy in patients initially admitted to the surgical divisions results in no significant survival benefit for the patients at these stages of disease. A population-based study from the USA also showed that 19.2% of patients with unfavorable tumor features received potentially curative therapy. 18 Several possible reasons could explain the differences in the management options between the internal medicine and surgical divisions. The complexity of HCC, including the etiology, co-morbidity, or underlying associated liver disease, may affect the treatment choice. The patient's economic condition is likely another important determinant of treatment, 19, 20 which may be particularly relevant to our study which was conducted in patients from northwest China, a relatively undeveloped area. Besides these factors, the impact of doctors' specialty on the therapy choices should not be ignored. 21 Internal medicine physicians might focus more on the etiology, liver function, and the underlying liver diseases, while surgeons might pay more attention to the local tumor lesion per se and the option of curative treatments. Insufficient interactive referral and consultation between physicians from divisions to which patients were initially hospitalized and those from other related divisions may also be partially responsible. An insufficient level of surgical referrals by oncologists and gastroenterologists has previously been reported for cases of pancreatic cancer. 22 Therefore, cooperation is important between divisions of different disciplines for treating HCC. The MDT has been demonstrated to be effective cancer management treatment 23 and to significantly benefit patients with advanced HCC. 24 Specialists in infectious diseases, hepatology, gastroenterology, oncology, hepatobiliary surgery, and general surgery are typically involved in the management of HCC patients. Internal medicine specialists including specialists in infectious diseases, hepatology, gastroenterology, and oncology represent the first contact with patients for treating the underlying liver disease including antiviral therapy, which may delay HCC development. 25 These internal medicine specialists would also play an important role in recommending lifestyle changes and arranging surveillance. 11, 26 After diagnosis, the surgeon and interventional therapist would play their role in evaluating the possibility of resection, transplantation, percutaneous local ablation, or TACE, and the internal medicine physicians monitor the liver function and alleviating symptoms of the patients. 11, 26 Meanwhile, other specialists such as specialists in tomography and pathology and nurses would also be involved in diagnosing and/or treating HCC. 26 It has been demonstrated that, although some practical barriers would weaken the effectiveness, 13 multidisciplinary collaboration could improve the survival of HCC patients. 24 Therapeutics and Clinical Risk Management 2017:13 submit your manuscript | www.dovepress.com
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Zhu et al Several potential limitations of our present study should be noticed. First, the present study was retrospective and this might affect the reliability of the study. Second, the results of present single-center study from northwest China where the work of MDT is in its initial and preliminary stage might not be applicable to the other clinical centers where the MDT work is mature. Third, some other clinical factors such as antiviral therapy which could not be extracted in the present retrospective study were not included in Cox analysis and this might lead to bias. However, Kaplan-Meier method and subgroup analysis were also used in the present study to verify the results from different analyses and minimize the potential influence of these limitations.
In conclusion, the results of our study, for the first time to our knowledge, demonstrate the existence of inappropriate utilization of treatments between HCC patients initially hospitalized in divisions of internal and surgical medicine and how this affects patient survival using data from a large medical center in northwest China over a 10-year period. The underutilization of curative treatments in patients at stages 0, A, and B initially admitted to internal medicine divisions is associated with decreased survival for patients, whereas the overutilization of curative treatments in patients with stages C and D initially admitted to surgical divisions brings no improvement for the survival of the patients. The analysis of our study also provides insight into the possible reasons for the inappropriate utilization of treatments between HCC patients initially hospitalized in internal medicine versus surgical divisions and emphasizes the importance of sufficient multidisciplinary collaboration, which has been shown to be associated with change of therapy choice and survival in patients with HCC or other cancers. 24, 27 Therefore, enforcing multidisciplinary collaboration to optimize the treatment of HCC patients at various disease stages is an imperative issue for clinical practice likely to improve patient survival. However, in view of the retrospective nature of this study in a single center which may lack many other factors associated with the choice of HCC therapy, such as the economic condition or unmeasured comorbid illness, caution should, therefore, be warranted in the interpretation and generalization of these findings, and further prospective studies in multiple centers with more factors are needed to extend our findings.
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